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FIG.’5 
Semiconductor device according to the present invention 
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SEMICONDUCTOR INCLUDING A 
PROTECTIVE CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a neW protective circuit, 
for preventing breakage from electrostatic forces, Which in 
provided on an input terminal of a semiconductor device, 
and more particularly, to a protective circuit having a higher 
protection capability than that of conventional protective 
circuits. 

2. Description of the Related Art 

Input signals provided from external devices, noises, or 
electrostatic forces are often concurrently supplied to the 
input terminal of semiconductor device. It is a concern that 
an overshoot or undershoot may occur on the input signal 
supplied to the input terminal and that it may result in 
breakage or damage of the internal circuit. 

To counter the above damaging causes, the conventional 
semiconductor device includes a protective circuit, such as 
a diode or transistor, on its input terminal. The protective 
circuit includes a protective element for countering 
overshoot, a protective element for countering the 
undershoot, a protective element for countering charges 
caused by an excessive buildup of electrostatic forces, and 
the like. 

Generally, the protective element for countering or 
enabling countermeasures to the overshoot is provided 
betWeen the input terminal and an electrical poWer source 
Wiring, and is activated to divert charge to an electrical 
poWer source Wiring, When overshoot occurs on the input 
terminal. In a normal state, When a higher potential than that 
of the poWer source Wiring is not generated on the input 
terminal, the protective circuit is not activated. Additionally, 
the protective element, for countermeasures applied to the 
undershoot, is provided betWeen the input terminal and the 
ground Wiring, and the protective circuit is activated to 
supply charge from the ground Wiring to the input terminal 
and to suppress the generation of undershoot. In the normal 
state, When a loWer potential than that of the ground poten 
tial is not generated on the input terminal, the protective 
circuit is not activated. The above described protective 
elements for overshoot and undershoot are respectively 
connected to the poWer source Wiring having the higher 
potential and the ground Wiring having the loWer potential 
so that they are not activated in the normal state and are 
activated, only When the overshoot or undershoot occurs. 

There is another approach in Which a large siZed transistor 
element to absorb a greater amount of charges is provided, 
When the larger charges caused by the electrostatic forces are 
applied to the external terminal. 

In the conventional semiconductor device, poWer from 
the external devices is supplied to the inner circuits via the 
poWer source Wiring. Therefore, in the conventional semi 
conductor device, the capacity of the poWer source Wiring is 
as large as that of the ground Wiring so that the poWer source 
Wiring can absorb the charges, even if the charge is diverted 
to the poWer source Wiring through the protective element 
for countermeasures applied to overshoot. 

To reduce the consumption of poWer, hoWever, the poWer 
supplied from the external device is nearly employed in all 
of the inner circuits of the recent semiconductor device. For 
example, a dynamic RAM (DRAM) contains an internal 
poWer source, of Which potential is dropped from the 
external poWer source, in the internal circuit, and supplies 
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2 
internal poWer to the memory cells or the sense ampli?ers 
occupying the chip. Consequently, there is a possibility that 
the ratio of the internal circuit employing the internal poWer 
source becomes high. 

In the above semiconductor device, the charges cannot be 
suf?ciently diverted through the external poWer source Wir 
ing through the elements for countermeasures applied to the 
overshoot, using a conventional protective circuit, and 
therefore, there is a higher possibility that the internal 
circuits connected to the external poWer source Wiring Will 
be damaged. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a semiconductor device having a protective circuit 
for countermeasures applied to electrical noises generated 
on an input terminal. 

It is another object of the present invention to provide a 
semiconductor device having a protective circuit by Which 
the overshoot generated on the input terminal can be effec 
tively suppressed. 
To achieve the above-described objects, in the semicon 

ductor device according to the present invention, in addition 
to a protective diode for countermeasures applied to over 
shoot provided betWeen the input terminal and a poWer 
source Wiring, a MOS transistor is provided betWeen the 
poWer source Wiring and a ground Wiring. The MOS tran 
sistor activates as a gate-controlled lateral transistor and 
becomes conductive earlier than a large siZed bipolar 
transistor, therefore providing better protection betWeen the 
input terminal and the ground Wiring. 

According to the above-structure of the protective circuit 
of the present invention, When the overshoot occurs in the 
input signal supplied to the input terminal, the protective 
diode becomes conductive to divert the charges, and further, 
the MOS transistor becomes conductive instead of or before 
the lateral bipolar transistor becomes conductive to divert 
the charges to the ground Wiring. Additionally, the protective 
bipolar transistor becomes conductive to divert a greater 
amount of charges generated by the electrostatic forces to 
the ground Wiring. Therefore, it becomes possible to prevent 
the greater amount of charges from ?oWing to the internal 
poWer source Wiring connected to the internal circuit and 
thereby more effectively suppress the overshoot. 
To achieve the above-described objects, a semiconductor 

device is provided including a poWer source Wiring, a 
ground Wiring and an input terminal supplied With an input 
signal from an external device and connected to internal 
circuits, comprising: a ?rst semiconductor area of a ?rst 
conductive type at a semiconductor substrate surface, a 
protective bipolar transistor having a collector area of a 
second conductive type, Which is formed in a ?rst semicon 
ductor area of a ?rst conductive type at a semiconductor 
substrate surface and connected to the input terminal and an 
emitter area of the second conductive type, Which is formed 
in the ?rst semiconductor area and connected to the ground 
Wiring; a protective diode having an anode area of the ?rst 
conductive type, Which is formed in a second semiconductor 
area of the second conductive type at the semiconductor 
substrate surface and connected to the input terminal, the 
second semiconductor area being connected to the poWer 
source Wiring as a cathode area; and a protective MOS 
transistor having a drain area of the second conductive type, 
Which is formed in a third semiconductor area of the ?rst 
conductive type at the semiconductor substrate surface and 
connected to the cathode area, a source area of the second 
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conductive type, Which is formed in the third semiconductor 
area and connected to the ground Wiring, and a gate 
electrode, Which is formed on the semiconductor substrate 
betWeen the drain and source areas and connected to the 
ground Wiring. 

Additionally, to achieve the above-described objects, a 
semiconductor device including a poWer source Wiring, a 
ground Wiring, and an input terminal supplied With an input 
signal from an eXternal device and connected to internal 
circuits, comprising: a protective diode, provided betWeen 
the input terminal and the poWer source Wiring, for becom 
ing conductive When a high voltage is applied to the input 
terminal; and a protective MOS transistor, provided betWeen 
a cathode terminal of the protective diode and the ground 
Wiring, having a drain area of a second conductive type, 
Which is formed in a ?rst conductive type semiconductor 
area at a semiconductor substrate surface and connected to 
the cathode terminal, a source area of the second conductive 
type, Which is formed in the ?rst conductive type semicon 
ductor area and connected to the ground Wiring, and a gate 
electrode connected to the ground Wiring, Which is formed 
on the semiconductor substrate betWeen the drain and source 
areas and connected to the ground Wiring. 

BRIEF DESCRIPTION OF THE PRESENT 
INVENTION 

FIG. 1 is a structural example of a protective circuit 
according to the embodiment of the present invention. 

FIG. 2 shoWs an eXample of Waveform of input signal. 
FIG. 3 is a cross-sectional vieW shoWing a speci?c 

structural eXample of the protective circuit shoWn in FIG. 1. 
FIGS. 4A and 4B shoW energy band diagrams of a MOS 

transistor 

FIG. 5 is a structural eXample of a semiconductor device 
according to the embodiment of the present invention. 

FIG. 6 is a cross-sectional vieW shoWing an eXample of a 
combination of the ?rst, second and third Well areas 

(semiconductor areas). 
FIG. 7 is a cross-sectional vieW shoWing an eXample of a 

combination of the ?rst, second and third Well areas 

(semiconductor areas). 
FIG. 8 is a cross-sectional vieW shoWing an eXample of a 

combination of the ?rst, second and third Well areas 

(semiconductor areas). 
FIG. 9 is a cross-sectional vieW shoWing an eXample of a 

combination of the ?rst, second and third Well areas 

(semiconductor areas). 
FIG. 10 is a cross-sectional vieW shoWing an eXample of 

combination of the ?rst, second and third Well areas 

(semiconductor areas). 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven 
tion are described With reference to the draWings. HoWever, 
the technical scope of the present invention is not limited to 
these embodiments. 

FIG. 1 is a structural eXample of a protective circuit 
according to an embodiment of the present invention. The 
protective circuit shoWn in FIG. 1 has an input terminal 10 
to Which an input signal is supplied from external devices, 
connecting to a large-siZed protective bipolar transistor 12 
for diverting the greater amount of charges to the ground, a 
protective diode 14 for countermeasures applied to over 
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4 
shoot and an N channel MOS transistor 20 for countermea 
sures applied to undershoot. Additionally, in the present 
embodiment, a cathode terminal of the protective diode 14 
is connected to an internal poWer source Wiring Vcc, and the 
poWer source Wiring Vcc is connected to the MOS transistor 
16. The MOS transistor 16, of Which source and gate are 
connected to a ground Wiring GND, employs a function of 
a lateral bipolar transistor, Which is parasitically formed by 
a drain, channel and source. Speci?cally, the MOS transistor 
16 acts as a parasitic lateral bipolar transistor With a function 
of a gate-controlled diode. 
The large-siZed protective bipolar transistor 12 is formed 

by an NPN type transistor, for eXample, of Which the 
collector is connected to the input terminal 10 and the base 
and the emitter are connected to the ground Wiring GND. 
When a greater amount of charges caused by the electro 
static forces are supplied to the input terminal 10, the 
protective bipolar transistor 12 becomes conductive to direct 
the charges to the ground Wiring GND. Therefore, the 
protective bipolar transistor 12 is generally formed With a 
large-siZed dimension and is arranged near the input termi 
nal 10. Details of the structure of the protective bipolar 
transistor 12 Will be later described. 

FIG. 2 shoWs an eXample of a Waveform of an input 
signal. In FIG. 2, an eXample input signal, illustrated by a 
bold line, is changed from the H level, Which is the poWer 
Vcc level, to the L level, Which is the GND level, and again 
changed to the H level. In the eXample of the Waveform, an 
undershoot 22 or an overshoot 24 occurs When each level 
changes. If the undershoot 22 occurs, the level of the input 
signal becomes loWer than the ground level GND and 
negative charges are generated. On the other hand, When the 
overshoot 24 occurs, the input signal level becomes higher 
than the poWer Vcc level and positive charges are generated. 

Returning to FIG. 1, the MOS transistor 20 for counter 
measures applied to undershoot has a source connected to 
the input terminal 10 through an input resistance 18, and a 
drain and a gate connected to the ground Wring GND. When 
undershoot occurs in the input signal supplied to the input 
terminal 10, the potential at the source terminal becomes 
loWer than that of the ground Wiring GND, a voltage more 
than a threshold voltage is applied betWeen the gate and 
source terminals so that the transistor 20 becomes conduc 
tive. Therefore, an electric current ?oWs from the ground 
Wiring GND to the input terminal 10 via the transistor 20, 
and the input signal, Whose undershoot is suppressed, is 
supplied to the internal circuit, not shoWn. 
The diode 14 for countermeasures applied to overshoot is 

biased in a forWard direction, When the overshoot occurs on 
the input terminal 10, and the charge Q ?oWs from the anode 
to the cathode of the diode 14. Then, the charge Q makes the 
potential of the drain area of the MOS transistor 16 higher 
10 and makes the PN junction betWeen the drain and channel 
areas of a reversed bias state. An electric current ?oWs on the 
PN junction by avalanche breakdoWn generated in the 
reversed bias state, the potential of the channel area being 
parasitically a base area, increases and a parasitic lateral 15 
bipolar transistor 16 becomes conductive by applying a 
voltage more than a forWard bias voltage on the PN junction 
betWeen the channel and source areas. As a result, the charge 
Q ?oWing through the protective diode 14 is diverted 
through the transistor 16 to the ground Wiring GND. 
Therefore, the charge ?oWing to the internal poWer source 
Wiring Vcc is decreased so as to protect breaking doWn the 
internal circuit connected to the internal poWer source 
Wiring. 

FIG. 3 is a cross-sectional vieW shoWing a detailed 
structural eXample of the protective circuit shoWn in FIG. 1. 
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A P type ?rst Well area 31, an N type second Well area 32, 
and a P type third Well area 33 are formed at a surface of a 
P type semiconductor substrate 30. Various combinations of 
the Well 10 areas can be arranged, and they Will be later 
described. 

Aprotective bipolar transistor 12 for a greater amount of 
current is formed in the ?rst Well area 31, Which is a P type 
?rst semiconductor area. In detail, the protective bipolar 
transistor 12 includes an N type collector area 35 formed in 
the P type ?rst Well area 31, an N type emitter area 36, a P 
type base contact area 37 to the ?rst Well area 31, Which is 
a base area. The lateral bipolar transistor comprises the 
collector area 35, the base area 31 and the emitter area 36. 
The collector area 35 is connected to the input terminal 10, 
and the base contact and emitter areas 37, 36, respectively, 
are connected to the ground Wiring GND. The protective 
transistor 12 includes a relatively larger Well area 31 Where 
relatively larger emitter and collector areas 35 and 36 are 
formed to absorb the greater electric currents. 

Assuming that a higher voltage caused by electrostatic 
forces is applied to the input terminal 10, then, a reverse bias 
is applied to the PN junction betWeen the emitter area 35 and 
a base area, Which is a ?rst Well area 31. It is Well knoWn that 
When the reverse bias voltage is larger, an avalanche break 
doWn is generated on the PN junction and the current ?oWs 
through it. As a result, the potential of the base area 31 
becomes higher, a potential more than a forWard voltage is 
applied to the PN junction betWeen the base and collector 
areas 31 and 36, the lateral transistor 12 becomes 
conductive, and therefore, a greater amount of current ?oWs 
from the input terminal 10 to the ground Wiring GND. 

Aprotective diode 14 is provided in an N type second Well 
area 32. A P type anode area 38 and N type cathode contact 
area 39 are formed in the N type second Well area 32 . Then, 
the anode area 38 is connected to the input terminal 10 and 
the cathode contact area 39 is connected to the poWer source 
Wiring Vcc. 

Additionally, a protective MOS transistor 16 is formed in 
a P type third Well area 33. An N type drain area 40, an N 
type source area 41, and a P type contact area 42 are formed 
in the P type third Well area 33. Then, a gate electrode 43 is 
formed through an insulating ?lm on a channel area betWeen 
the drain and source areas 40, 41. The drain area 40 is 
connected to the cathode contact area 39 of the protective 
diode 14 and an internal poWer source Wiring Vcc. The 
source area 41, the channel contact area 42 and the gate 
electrode 43 are connected to the ground Wiring GND. 

Considering parts other than the provision of the gate 
electrode 43, the protective MOS transistor 16 has approXi 
mately same structure as that of the bipolar transistor 12. 
Therefore, the MOS transistor 16 also activates as a parasitic 
lateral bipolar transistor comprising the drain, channel and 
source areas 40, 33 and 41. Moreover, the existence of gate 
electrode 43 makes the activation more sensitive than a 
normal lateral bipolar transistor. 

In an embodiment of the present invention, according to 
a combination of the protective diode 14 and the MOS 
transistor 16 for diverting the charges to the ground Wiring 
GND, When a great enough voltage to make the protective 
diode 14 conductive, Which is not yet high enough to make 
the protective bipolar transistor 12 activate, is applied to the 
input terminal 10, the charge Q is effectively diverted to the 
ground Wiring GND side. 

The operation is as folloWs: assuming that overshoot 
occurs so that a higher voltage is applied to the input 
terminal 10, the protective diode 14 becomes conductive, the 
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6 
charge ?oWs to the drain area 40 through the area 38, the 
second Well area 32 and the contact area 39. As a result, a 
reverse bias is applied to the PN junction betWeen the drain 
area 40 being parasitically a collector area and the channel 
area 33 being parasitically a base area. When the reverse bias 
becomes larger, the Well-knoWn avalanche breakdoWn is 
generated on the PN junction and the greater current ?oWs 
from the N type drain area 40 to the P type channel area 33 
so that the potential of the channel area (base area) 33 
becomes higher. Accordingly, a voltage difference more than 
a forWard voltage is generated on the PN junction betWeen 
the P type channel area (base area) 33 and the N type source 
area (emitter area) 41, the lateral parasitic bipolar transistor 
becomes conductive, and a relatively larger charge. ?oWs to 
the ground Wiring GND side. 
When a higher voltage is applied to the input terminal 10, 

a protective bipolar transistor 12 having a larger dimension 
becomes conductive and a greater current ?oWs to the 
ground Wiring GND side. In this Way, although the MOS 
transistor 16 is not formed With the large dimension as the 
13 protective bipolar transistor 12, When the higher voltage 
caused by the overshoot is applied to the input terminal 10, 
the charge Q ?oWing through the protective diode 14 can be 
diverted, not to the poWer supply Wiring Vcc, but to the 
ground Wiring GND. Since the gate electrode 43 is provided 
on the semiconductor substrate 30, the MOS transistor 16 
becomes conductive at an earlier stage than the protective 
bipolar transistor 12 to divert the charge. 

FIGS. 4A and 4B are energy band diagrams of the MOS 
transistor 16. FIG. 4A is a band diagram along a horiZontal 
direction of FIG. 3. A position having a certain depth from 
a surface 30 of the substrate is illustrated by a bold line, and 
a band diagram of the surface 30 of the substrate is illus 
trated by a broken line. FIG. 4B is a band diagram along a 
vertical direction of FIG. 3 . In FIGS. 4A and 4B, Ec means 
a bottom level of a conduction band, Ev means the highest 
level of a valence band, and Ef means Fermi level. 

The MOS transistor 16 in horiZontal direction becomes 
the same structure as a NPN lateral bipolar transistor. In FIG. 
4A, a reverse bias AV is applied betWeen the drain 40 and 
channel areas 33 so that an energy difference of qAV is 
generated. In this state, an avalanche breakdoWn is gener 
ated on a PN junction betWeen the drain 40 and channel area 
33. As a result, the energy level of the channel area 33 drops 
doWn, so that a voltage more than a forWard rising voltage 
is applied to the PN junction betWeen the channel 33 and 
source areas 41, and the parasitic lateral transistor becomes 
conductive. 

A gate electrode 43 made by a metal or polycrystal silicon 
is formed on the upper part of the channel area 33 for the 
MOS transistor 16. As shoWn in FIG. 4B, the energy level 
at the substrate surface becomes loWer than the area having 
a certain depth from the substrate surface, because the gate 
electrode 43 eXists. That is, as illustrated by a broken line of 
FIG. 4A. The energy loWering caused by the gate electrode 
is not shoWn in a lateral protective bipolar transistor 12. The 
energy loWering at the substrate surface in the channel area 
33 makes it easier than the protective lateral bipolar tran 
sistor 12 to make the MOS transistor 16 conductive. 
Speci?cally, against the voltage not being so higher or the 
charges not being so many, the parasitic lateral bipolar 
transistor of the MOS transistor 16 becomes conductive 
more sensitively to divert the charges to the ground Wiring 
GND side. 

A gate electrode of the above-described parasitic lateral 
bipolar transistor 16 is provided near a junction betWeen the 
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base and the emitter. That is, the junction betWeen the base 
and emitter acts as a gate-controlled diode. The action of the 
gate-controlled diode is described in an article of chapter 10: 
Surface effect given to a PN junction of “Foundation knoWl 
edge of semiconductor device” Written by A. S. Grove 
(edited by Yasuo Tarui, and translated by Kiyoshi Sugibuchi, 
Naoshi Sugiyama and Takeo YoshikaWa), for example. 

FIG. 5 is a structural example of a semiconductor device 
according to the embodiments of the present invention. FIG. 
5 shoWs an example Where a protective circuit is provided in 
a DRAM. In FIG. 5, an external terminal 70 for poWer 
supply and tWo input terminals 10A and 10B are provided. 
The external terminal 70 for poWer supply is connected to an 
internal poWer source Wiring Vcc, Which supplies the poWer 
to a ?rst internal circuit 50. Therefore, the poWer source 
Wiring Vcc is connected to a source terminal of a P channel 
transistor 52 provided in the ?rst internal circuit 50, Which 
is a CMOS inverter, for example. 
On the other hand, the poWer source Wiring Vcc does not 

supply the poWer source for all the internal circuits. 
Speci?cally, When employing a DRAM, a voltage dropped 
internal poWer source Vii is loWer than the poWer source Vcc 
to supply the poWer source to the second internal circuit 56, 
in order to suppress the current consumption in the internal 
circuit. Therefore, the poWer source Wiring Vec is connected 
to the drain of the N channel MOS transistor 60 forming a 
voltage drop circuit. An internally generated constant volt 
age Vg is supplied to the gate of the transistor 60, and the 
internal poWer source and current are supplied from the 
transistor 60, When the second internal circuit 56 operates in 
the active state. The voltage dropped poWer source -Vii 
becomes an available potential, Which is obtained by drop 
ping the threshold voltage Vth of the transistor 60 from the 
constant voltage Vg. 

In the DRAM, the second internal circuit 56 is a memory 
cell array, for example, or a sense ampli?er circuit for 
driving bit lines. The ?rst internal circuit is an input buffer 
circuit or an output buffer circuit, for example, Where 
compatibility With the external poWer source Vcc level is 
required, Therefore, in the DRAM, it is common to give the 
second internal circuit 56, Which employs the internal volt 
age dropped poWer source Vii as a poWer source to have a 
larger circuit scale than the ?rst internal circuit 50 employ 
ing the external poWer source Vcc. Additionally, the capac 
ity of the Wiring of the voltage dropped poWer source Wiring 
Vii is larger than that of the external poWer source Wiring 
Vcc. 

The large siZed bipolar transistor 12A, 12B respectively 
comprising a protective circuit, a protective diode 14A, 14B, 
and a MOS transistor 20, 20 provided betWeen the diode 
14A or 14B and the ground Wiring GND are provided for 
each input terminal 10A, 10B in the semiconductor shoWn 
in FIG. 5. A MOS transistor 18A, 18B for countermeasures 
applied to undershoot is also provided in each input terminal 
10A, 10B. The operation in the protective circuit for each 
input terminal is as described above. 

The protective diode 14A, 14B and the MOS transistor 
16A, 16B are provided to each input. terminal 10A, 10B of 
the semiconductor device of FIG. 5. When a greater voltage 
is applied to the input terminal the charges How to the 
ground Wiring GND side through the protective diode 14A, 
14B and the MOS transistor 16A, 16B. As a result, the 
greater amount of charges do not How to the poWer source 
Wiring Vcc, Which is connected only to the feWer internal 
circuits so as to break the source area of the transistor 52 in 
the ?rst internal circuit 50 or the drain area of the transistor 
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8 
60, a voltage drop circuit. Since the ground Wiring GND is 
a very large electric conductor, Which is connected to all the 
circuits in the semiconductor device, large amount of 
charges How in to the ground Wiring GND, and such changes 
are distributed to many circuits so that the breakdoWn of the 
circuit element does not happen. 

Therefore, the embodiments of the present invention are 
more useful When the scale of the ?rst internal circuit 50 
connected to the external poWer source Wiring Vcc is smaller 
than that of the second internal circuit 56 connected to the 
voltage dropped poWer source Wiring Vii. That is because 
the charge from the protective circuit is prevented from 
?oWing to the poWer source Wiring Vcc, even if the scale of 
the ?rst internal circuit 50 is small. 
The MOS transistor 16A, 16B is OFF in a normal active 

state so that the current ?oWing from the poWer source 
Wiring Vcc to the ground Wiring GND does not exist. 

FIGS. 6 through 10 are cross-sectional diagrams shoWing 
examples of combinations of the ?rst, second, and third Well 
areas (semiconductor areas). Each cross-sectional diagram 
shoWs an example Where a P type ?rst Well area 31, an N 
type second Well area 32, and a P type third Well area 33 are 
formed in a P type semiconductor substrate 30. Aprotective 
bipolar transistor 32 is provided in the ?rst Well area 31, 
protective diode 14 is provided in the second Well area 32, 
and a MOS transistor 16 is provided in the third Well area 33. 
Connections among these areas are the same as those of the 
18 above-described embodiment. 

FIG. 6 shoWs an example Where the ?rst, second, and 
third Well areas 31, 32, 33 are independently provided in the 
P type substrate 30. FIG. 7 shoWs an example Where the 
second and third Well areas 32, 33 are independently pro 
vided in the P type substrate 30 and the ?rst Well area 31 is 
provided in the second Well area 32. FIG. 8 shoWs an 
example Where the ?rst and second Well areas 31, 32 are 
independently provided in the P type substrate 30 and the 
third Well area 33 is provided in the second Well area 32, in 
opposite to the example of FIG. 7. 

FIG. 9 shoWs an example Where the second Well area 32 
is provided in the P type substrate 30 and the ?rst and third 
Well areas 31, 33 are commonly provided in the second Well 
area 32, similarly to the structure of FIG. 3. A protective 
bipolar transistor 12 and a MOS transistor 16 are provided 
With a predetermined distance from each other in the com 
monly formed ?rst and third Well areas 31, 33. 

FIG. 10 shoWs an example Where the commonly formed 
?rst and third Well areas 31, 33, and the N type second Well 
area 32 are independently provided in the P type substrate 
30. The protective bipolar transistor 12 and the MOS tran 
sistor 16 are provided With a predetermined distance in the 
commonly formed P type ?rst and third Well areas 31, 33. 
As described above, the ?rst, second and third Well areas 

(semiconductor areas) Where the protective elements 12, 14, 
16 are formed can be formed With an optional combination 
at a semiconductor substrate surface. A suitable combination 
is selected according to a structure of internal circuit in the 
semiconductor device. 

In the above-described embodiment, although a lateral 
bipolar transistor is employed as a protective bipolar tran 
sistor 12, a vertical type bipolar transistor may be employed. 
HoWever, in case of a semiconductor device using a MOS 
transistor, it is preferable to have a structure of a lateral 
bipolar transistor as shoWn in FIG. 3. 
As described above, according to the present invention, 

even if an irregular voltage being different from that in the 
normal state is applied to an input terminal, internal circuits 
can be protected effectively. 
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What is claimed is: 
1. A semiconductor device including a power source 

Wiring, a ground Wiring and an input terminal supplied With 
an input signal from an external device and connected to 
internal circuits, comprising: 

a ?rst semiconductor area of a ?rst conductive type at a 

semiconductor substrate surface; 
a protective bipolar transistor having a collector area of a 

second conductive type, Which is formed in the ?rst 

10 
a protective diode, provided betWeen the input terminal 

and the poWer source Wiring, for becoming conductive 
When a high voltage is applied to the input terminal; 

a ?rst conductive type semiconductor area at a semicon 

ductor substrate surface; and 
a protective MOS transistor, provided betWeen a cathode 

terminal of the protective diode and the ground Wiring, 
having a drain area of a second conductive type, Which 
is formed in the ?rst conductive type semiconductor 

Semiconductor area of the ?rst Conductive type at the 10 area at the semiconductor substrate surface and con 
semiconductor substrate surface and connected to the d t th th d t . 1 f th 
input terminal and an emitter area of the second con- necte 0 e 6.21 0 e ermtna ’. a Source .area 0 .6 
ductive type, Wherein the emitter is formed in the ?rst Second Conducnve type’ Whlch 15 formed In the Serm 
semiconductor area and connected to the ground Wir- Conductor area and éomtected to the ground wlnng’ and 
mg; 15 a gate electrode, Which is formed on the semiconductor 

. . . substrate betWeen the drain and source areas and con 
a protective d1ode having an anode area of the ?rst . . 

conductive type, Which is formed in a second semicon- nected to the ground W_1nng_' _ 
ductor area of the second conductive type at the semi- _5_' A semlcondufztor devlce _mc1udmg _a power Source 
conductor substrate surface and connected to the input 20 Wmng’ a groltnd Wlhng and an Input termmal Connected to 
terminal, the second semiconductor area being con- Internal Grams’ Compnsmg: 
nected to the poWer source Wiring as a cathode area; a protective diode having an anode connected to said 
and input terminal and a cathode connected to said poWer 

a protective MOS transistor having a drain area of the Source Whihg; ahd 
second conductive type, Which is formed in a third 25 aprotective NMOS transistor having a drain connected to 
semiconductor area of the ?rst conductive type at the said cathode, and a gate and source both of Which are 
semiconductor substrate surface and connected to the connected to said ground Wiring. 
cathode area, a source area of the second conductive 6. The semiconductor device according to claim 5, further 
type, Which is formed in the third semiconductor area comprising: 
ahd eohheeted t0 the grohhd Whihg> ahd a gate 30 a protective bipolar transistor having a collector con 
e1eetr0de> Which is formed Oh the Sethieohdhetor Shh‘ nected to said input terminal, and a base and an emitter 
strate betWeen the drain and source areas and connected both of which are Connected to Said ground Wiring 
t0 the ground Whthg- 7. The semiconductor device according to claim 6, further 

2. The semiconductor device according to claim 1, Comprising; 
Wherein the ?rst and third semiconductor areas are formed 35 

in the second semiconductor area. 
3. The semiconductor device according to claim 1, 
Wherein the ?rst or third semiconductor area is formed in 

a second protective NMOS transistor connected betWeen 
said input terminal and said ground Wiring to suppress 
an excessive voltage drop at said input terminal. 

8. The semiconductor device according to claim 5, 
the second semiconductor area. 

4. A semiconductor device including a poWer source 
Wiring, a ground Wiring and an input terminal supplied With 
an input signal from an external device and connected to 
internal circuits, comprising: * * * * * 

Wherein an avalanche breakdoWn is occurred in said pro 
40 tective NMOS transistor When an excessive reverse bias is 

applied thereto. 


